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Bell Helicopter Textron Inc. (BHTI) has been conducting a study of finite element modeling of helicopter 
airframes to predict vibration. This work is being performed under U.S. Government Contract NAS1-17496. 
The rnntrart. is monitored bv the NASA Langley Research Center, Structures Directorate. 
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GROUND VIBRATION TEST SCHEDULE - DIFFICULT COMPONENT INVESTIGATION 
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TEST ARTICLE WEIGHT AND BALANCE CALCULATIONS 






AS WEIGHED 5922.0 | 207.16 1226800.0 I 0.20 1160.0 

PILOT U 125.0 CLO (LOO 0.0 

TOTAL 5922.0 107.16 1226800.0 0 1 20 1160.0 
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VERTICAL EXCITATION IN-PLANE EXCITATION 



Photographs of the servo-controlled shakers used for the test configurations are illustrated below, 
initial configuration had three additional hub shakes performed at the main rotor mast location 
shown) . 
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ACCELEROMETER LOCATIONS 







BHTI s Interactive Test Data Analyses (INACT) program (Ref. 2) is part of the Vibration Analysis and Test 
Control System (VIBRATEC) which was used to acquire, store, and analyze data. Significant frequency, 
natural mode shape, critical damping estimate, and forced response mode shape information was determined 
for each test configuration using swept sine excitation with frequency sweeps from 2-30 Hz at two 
different force levels. 
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DISPLAY MODAL FREQUENCIES, DAMPING, AND 
MODE SHAPES 




MEASURED FREQUENCY RESPONSE FUNCTIONS - A SAMPLE 
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Frequency response sweeps and forced response dwells were performed under several loading conditions on 
each of the test article configurations as described in the test matrix on the next two pages of text. 40 
separate sinusoidal sweeps from 0-35 Hz were performed and are listed in the table. The trends associated 
with the measured frequency response data will be highlighted for each configuration on the next 30-40 
pages by showing direct overplot comparisons of two response points, the gunner and tail skid, for each 
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CONFIGURATION 3 

(Secondary Panels Removed) 
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CONFIGURATION 3 

(SECONDARY PANELS REMOVED) 
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CONF 2 VS CONF 3 - SECONDARY PANEL EFFECTS 
(TEST DATA COMPARISONS) 
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CONFIGURATION 4 

(TAIL ROTOR DRIVESHAFT REMOVED) 



CO 

ir> 





fit 


O 

i- 

o 


v/i 

QC 


LLI 


O 


u 


D 

Z 

< 



ORIGINAL PAGE 

BLACK AND WHITE PHOTOGRAPH 




O) 


<X) 

si 




in 






<v 

0) 

to 


id 

t. 

<L) 


to 

CL) 

cn 

c 

rd 


U 


id 

id 

c 


XJ 

<U 

> 

O 

LO § 

cc 

O t- 
hh «d 
H- <U 

25 “ 

ID 0 > 
CD C 

»—l *r— 
LU. TD 

z c 

O <d 

O -J 


to 


C 

o 


4-» 

<d 


c 

CD 


E 


3 

$- 


CO 

c 


0) 

u . 

3 CL 
“O •*- 

cu _c 
t- to 


o 


o» 


0 J 

u 

<d 


t- o 
o +■* 


T? 

Q> & 

CU 

g" 

feS 

it *. 

«S 

cn 

<L> 

cn 

SI' 

"O 

tn c 

<TJ 



<u 
to o 
c c 
o •«- 
♦»- to 

4 -> 

id - 

V. cn 
3 O 
cn«— 



*4- 4~> 

C to 
O 0) 
CJ 4 -> 


>> 

-Q 

E 

CL) 

to 

to 

id 


to 

0) 


<D 

fd 

-C 

to 


to 


T3 

<U 

"O 

c 

<L) 

cx 

to 

3 

to 


u 

td 

0 J 

cn 


_x 

to 


(L) 


to 

_ -C 


CL^j 

ii 


o 

*t— 


> 

00 

5 O 

o 

+* E 

iH 

_ <u 


1 t 


<0 $_ 

JO * 

i; 43 

«— C\J 

5 <x- 


<d 

00 r*-. 

cn 

o ^r 

c 

iH 

o 

1 II 

* r ~ -r- 

II -M 

-* +J 
to 

_C 


cn 

a> c 

• r— 

-c o 

c o> 

-M u 

O 3 

M- c 

-*-> O) 

o O 

<d i — 

•i — 

u u 

to 4_> 

3 i- 

sz Id 

cn-M 

OL-M 

*r~ t- 

fd .i- 

<4- < 

u u 

C 

cn x 

O -M 

o a; 

CJ to 

-M 

a> 

O x 

E 1— 

-c o 

o 

CLJ3 

LD 

s- 

M— 

to (d 

C 

<d <u 

X-> o 

-c cn 

x: *r- 
cnx-> 

<U i- 

td 

J- o 

a> t- 

3 4-> 

3 3 

cn o 

cn 

•i- u 

rd i- 

Li- 

■M *4- 

r— 

r- C 

CD -r- 

< V o 

-c id 

Q O 

h- xj 


to 

LD 



CONFIGURATION 5 

(SKID LANDING GEAR REMOVED) 
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CONFIGURATION 6 

(ENGINE REPLACED BY DUMMY ENGINE) 
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CONF 7 VS CONF 8 - FUEL EFFECTS 
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CONFIGURATION 8 

(Windows, Black Boxes, Wings Removed) 
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CONFIGURATION 8 - WINDOWS, BLACK BOXES, WING EFFECTS 
(TEST DATA COMPARISONS) 
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TEST NATURAL FREQUENCY 
AND DAMPING ESTIMATES 

(Concluded) 



3RD LATERAL 30.9 2.55 30.9 1.16 29.8 1.45 30.9 2.02 

TORSION/ENGINE ~ 33.3 ~2.11 X ~ - X - X - 

( - Mode does not exist (component removed). 
















































NATURAL FREQUENCY VARIATIONS BY CONFIGURATION 
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SUSPENSION SYSTEM STATIC TEST RESULTS 

(12-FT STEEL CABLE) 



SUSPENSION SYSTEM DYNAMIC TEST RESULTS 
( 12— ft Steel Cable) 
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PYLON COMPONENT TEST CONDITIONS 


MODAL TAPE 
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215 
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CM 
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Without 
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APPLIED LIFT 
(LB) 
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EXCITATION 

DIRECTION 
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<c 
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<£ 

Lu 

Lateral 

Lateral 

Lateral 

Lateral 

Lateral 

Lateral 

LOCATION 

M/R Hub 

M/R Hub 

M/R Hub 

M/R Hub 

M/R Hub 

M/R Hub 

M/R Hub 

M/R Hub 

M/R Hub 

M/R Hub 

M/R Hub 

M/R Hub 


CASE NO. 
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UD 
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rH 


*Force = 100 lb from 2-6 Hz to prevent large displacement amplitudes 






























































































ACCELEROMETER LOCATIONS FOR PYLON SHAKE TEST 
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ACCELEROMETER LOCATIONS FOR PYLON SHAKE TEST 



CT> 


AFT 

LEFT MOUNT 



PYLON COMPONENT TEST RESULTS 
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PYLON COMPONENT TEST RESULTS 



M/RMASTF/A 31.20 29.00 27.40 29.00 30.90 























STIFFNESS OF THE PYLON ELASTOMERIC MOUNTS 
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AH-1G GROUND VIBRATION AND COMPONENT TEST SUMMARY 
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DISCRETE FREQUENCY DWELLS TEST LOG 




2-4-87 1554 Vertical Tail Gear 30 27.22 Engine Vertical 

2-5-87 0830 Vertical Tail Gear 29 4.64 Bungee/Cable F/A 

2-5-87 0838 Vertical Tail Gear 30 15.90 L/G Asymm 


















2-6-87 1157 Longitudinal M/R Hub 102 18.29 1st Cable F/A Mode 

2-6-87 1204 Longitudinal M/R Hub 103 20.64 1st Cable Lat Mode 














DISCRETE FREQUENC Y DWELLS TEST LOG (Continued) 

EXCITATION CONDITION 



2-10-87 1033 Lateral M/R Hub 51 26.31 3rd Fuselage Lateral 

2-10-87 1035 Lateral M/R Hub 52 28.04 Skid 












DISCRETE FREQUENCY DWELLS TEST LOG (Continued) 










DISCRETE FREQUENCY DWELLS TEST LOG (Continued) 











DISCRETE FREQUENCY DWELLS TEST LOG (Continued) 
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DISCRETE FREQUENCY DWELLS TEST LOG (Continued) 



B-lO 
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DISCRETE FREQUENCY DWELLS TEST LOG (Continued) 



3-18-87 1105 Vertical Lift Beam 96 { 17.18 |2nd Vertica 













EXCITATION CONDITION 



3-19-87 1427 Vertical Tail Gear 19 9.91 Local T/R Motion 

3-19-87 1432 Vertical Tail Gear 38 14.16 Cable 












DISCRETE FREQUENCY DWELLS TEST LOG (Concluded) 
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